Food consumption and related water resources in Nordic cities  by Vanham, D. et al.
OF
D
E
a
A
R
R
A
A
K
W
F
C
U
I
M
W
N
S
F
D
N
F
F
W
V
1
l
a
p
a
r
t
(
f
d
w
(
h
1Ecological Indicators 74 (2017) 119–129
Contents lists available at ScienceDirect
Ecological  Indicators
j o ur na l ho me  page: www.elsev ier .com/ locate /eco l ind
riginal  Articles
ood  consumption  and  related  water  resources  in  Nordic  cities
.  Vanham ∗,  B.M.  Gawlik,  G.  Bidoglio
uropean Commission, Joint Research Centre, Directorate for Sustainable Resources, Via E. Fermi 2749, 21027 Ispra, VA, Italy
 r  t  i  c  l  e  i  n  f  o
rticle history:
eceived 11 May  2016
eceived in revised form 10 October 2016
ccepted 14 November 2016
vailable online 23 November 2016
eywords:
ater
ootprint
ity
rban
WRM
anagement
ater footprint
ordic
candinavian
ood consumption
iet
utrition
a  b  s  t  r  a  c  t
Many  modern  cities  have  strongly  invested  in  the  sustainability  of  their  urban  water  management  sys-
tem.  Nordic  cities  like  Stockholm  or Copenhagen  are amongst  pioneers  in investments  towards  integrated
urban water  management.  However,  cities  can  never  be  fully  self-sufﬁcient  due  to  their dependency  on
external  (water)  resources.  In  this  paper,  we quantify  this  water  dependency  with respect  to  food  con-
sumption  in nine  cities  located  in  the ﬁve  Nordic  countries  (Sweden,  Denmark,  Finland,  Norway  and
Iceland),  by means  of  the  water  footprint  concept.  Detailed  urban  water  footprint  assessments  are  scarce
in the  literature.  By analysing  national  nutrition  surveys,  we ﬁnd  that  urban  food  intake behaviour  dif-
fers  from  national  food  intake behaviour.  In large  Nordic  cities  people  eat generally  less potatoes,  milk
products  (without  cheese),  meat  and  animal  fats and  they  drink  less  coffee  than  outside  city  borders.  On
the other  hand,  they  generally  eat  more  vegetables  and  vegetable  oils  and  they  drink  more  tea  and  alco-
holic beverages.  This leads  consistently  – for the  six  large  Nordic  cities  Stockholm,  Malmö,  Copenhagen,
Helsinki,  Oslo  and  Reykjavik  – to  slightly  smaller  food  related  urban  water  footprints  (−2  to −6%) than
national  average  values.  We  also  analyse  the  water  footprint  for different  diets  based  upon Nordic  Nutri-
tion Recommendations  (NNR)  for these  cities.  We  assessed  three  healthy  diet  scenarios:  1)  including  meat
(HEALTHY-MEAT),  2) pesco-vegetarian  (HEALTHY-PESCO-VEG)  and  3) vegetarian  (HEALTHY-VEG).  This
shows  that  Nordic  urban  dwellers  1) eat  too  many  animal  products  (red  meat,  milk  and  milk  products)
and  sugar  and drink  too  much  alcohol  and 2)  they  eat not  enough  vegetables,  fruit  and  products  from  theood
ood security
ater security
irtual water
group pulses,  nuts  and  oilcrops.  Their  overall  energy  and  protein  intake  is too  high.  A shift  to  a  healthy
diet  with  recommended  energy  and  protein  intake  reduces  the  urban  WF  related  to  food  consumption
substantially.  A shift  to  HEALTHY-MEAT  results  in  a reduction  of  −9 to  −24%,  for  HEALTHY-PESCO-VEG
the reduction  is −29  to −37%,  for HEALTHY-VEG  the  reduction  is  −36 to  −44%.  In  other  words,  Nordic
urban dwellers  can  save  a lot  of  water  by shifting  to  a healthy  diet.
© 2016  The  Author(s).  Published  by  Elsevier  Ltd.  This  is an open  access  article  under  the CC  BY  license. Introduction
Cities can never be fully self-sufﬁcient to provide its popu-
ation with water, food and energy security (Elmqvist, 2014). In
 steadily urbanising world (UN, 2014), characterised by rapid
opulation growth, cities are however key to sustainability (Rees
nd Wackernagel, 2008). To what extent urban citizens consume
esources is essential for sustainable global development. One of
hese resources is water, which urban dwellers consume in a direct
through water from the tap) but also indirect way  (through e.g.
ood consumption). The latter refers to the water required to pro-
uce the goods urban citizens consume, quantiﬁed by means of the
ater footprint concept (Hoekstra and Mekonnen, 2012).
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In the past, many cities have made efforts to improve urban
water management and to move to integrated urban water man-
agement, a holistic mode of strategic planning (Bahri, 2012). They
have reduced direct urban water use, e.g. by means of general
rehabilitation of aging water infrastructure (Scholten et al., 2014),
pipe leakage reductions (Lahnsteiner and Lempert, 2007; Vanham
et al., 2016b), citizen awareness campaigns on domestic water
use (March et al., 2015) or the installation of individual water
meters. Cities have invested in decentralised water infrastructure
systems (Marlow et al., 2013; Rauch and Morgenroth, 2013) or
water treatment plants treating 100% of wastewater (Van Leeuwen
and Sjerps, 2015). Many northern European cities, including Stock-
holm or Copenhagen, therefore have high scores regarding direct
urban water management in rankings like the Green City Index
(Economist Intelligence Unit, Siemens, 2012). However, indirect
water use is generally not included in such rankings. Especially with
respect to the water-food-energy-ecosystems nexus (Vanham,
 under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1
Nine Nordic cities assessed in this study.
Country City Population Comment
Total % women % men
Sweden Stockholm 912,401 49.3 50.7 year 2014, source (Statistics Sweden, 2016).
Statistics Sweden classiﬁes Swedish cities in
H-regions according to population density
(Statistics Sweden, 2015). Stockholm is H1;
Malmö belongs to H2 (Störstäder − big cities);
Eslöv, Helsingborg and Kristianstad belong to
H3  (Större städer − Larger cities,
municipalities with more than 90,000
inhabitants within a 30 kilometre radius from
the municipality centre). The national
nutrition survey 2010-2011 (Amcoff et al.,
2012) also uses this classiﬁcation.
Sweden Malmö 317,375 49.2 50.8
Sweden Eslöv 32,210 50.4 49.6
Sweden Helsingborg 134,978 49.2 50.8
Sweden Kristianstad 81,686 49.6 50.4
Denmark Copenhagen 683,376 49.1 50.9 Københavns Municipality and Frederiksberg,
year 2015, source (Statistics Denmark, 2016)
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nFinland Helsinki 620,715 47.2 
Norway Oslo 647,676 49.9 
Iceland Reykjavik 121,822 49.6 
016), the consideration of this indirect water resource use is very
mportant.
Water footprint assessments on the city level have not been the
ocus of research in the past (Engel et al., 2011; Paterson et al., 2015).
uring recent years, several studies have however been conducted,
.g. Drechsel et al. (2014), Hoff et al. (2014), Jenerette et al. (2006),
a  et al. (2015), Vanham and Bidoglio (2014), Vanham et al. (2016a,
016b). One of these studies quantiﬁes the WF  of Milan for differ-
nt diets. More recently, an assessment of the WF  related to food
onsumption for different diets was conducted for selected Dutch
ities (Vanham et al., 2016b). Also for other footprints, research
as started on the city level. Jan et al. (2013) e.g., assessed the
arbon footprint (CF) of UK cities. Chavez and Ramaswami (2013)
uantiﬁed the CF of selected US cities. Also some studies on the
cological footprint (EF) of cities were carried out, like the EF of the
an Francisco area (Moore, 2011). Other studies include the ecolog-
cal footprints of Vancouver (Moore et al., 2013) and Cardiff (Collins
t al., 2006).
In the framework of the forthcoming Pan-European Atlas of
rban Water Management of the European Commission, the Joint
esearch Centre analyses the water footprint (WF) related to food
onsumption in selected, mostly European, cities. In this paper, we
nalyse the WF  of the 9 Nordic cities which will be displayed in the
tlas (Fig. S1 and Table 1), i.e. 5 Swedish cities as well as the capitals
able 2
ood waste fraction (corr2) for the different food product groups. These values are
anish national values. When particular product group values for Denmark were
ot available, average EU values are used. These values apply to all cities.
Food waste fraction (corr2)
Cereals 13
Potatoes 19
Sugar 7.5
Crop oils 5
Vegetables 19
Fruit 16
Pulses, nuts and oilcrops 5
Meat 7
Offals edible 7
Animal fats 7
Fish and seafood 7
Milk and milk products 10
Eggs 7
Stimulants 7.5
Spices 7.5
Alcoholic Beverages 552.8 year 2015, source (Statistics Finland, 2016)
50.1 year 2015, source (Statistics Norway, 2016)
50.4 year 2015, source (Statistics Iceland, 2016)
of the 4 remaining Nordic countries (Denmark, Finland, Iceland and
Norway).
We quantify the WF of these cities for different diet scenarios,
more particularly:
• The reference period or REF (1996–2005) as annual average over
a decade
• A healthy meat diet (HEALTHY-MEAT) based on the new Nordic
Nutrition Recommendations (NNR) of 2012 (Nordic Council of
Ministers, 2012). All ﬁve Nordic countries base their national
food-based dietary guidelines (FBDG) on these recommendations
• A healthy pesco-vegetarian diet (HEALTHY-PESCO-VEG) based on
the NNR of 2012 (Nordic Council of Ministers, 2012)
• A healthy vegetarian diet (HEALTHY-VEG) based on the NNR of
2012 (Nordic Council of Ministers, 2012)
2. Methodology
2.1. Accounting framework
To quantify WF  amounts, the approach of Hoekstra et al. (2011)
and Hoekstra and Mekonnen (2012) is applied. The WF  is an indi-
cator of freshwater use that looks at both direct and indirect water
use of a consumer or producer. We  use the blue and green WF  com-
ponents. Blue water refers to liquid water in rivers, lakes, wetlands
and aquifers. Green water is the soil water held in the unsaturated
zone, formed by precipitation and available to plants (Rockström
et al., 2009). Irrigated agriculture receives blue water (from irri-
gation) as well as green water (from precipitation), while rainfed
agriculture receives only green water. We  do not use the grey WF,
as its quantiﬁcation is very dependent on data availability (Thaler
et al., 2012; Vanham and Bidoglio, 2013). The inclusion of green
water is a necessity in integrated water resources management
(IWRM), as argued by most authors and institutions working on
IWRM (Gerten et al., 2013; Hoekstra, 2016; Hoff et al., 2014; Jalava
et al., 2016, 2014; Karimi et al., 2013; Miina et al., 2016; Ran et al.,
2016; Rockström et al., 2014; Schyns et al., 2015; Vanham, 2012).
To compute the water footprint of food consumption, we use
national FAO Food Balance Sheets (FBS) for the ﬁve Nordic countries
for the reference period 1996–2005. We obtain WF of consumption
(WFcons) amounts from Mekonnen and Hoekstra (2011a, 2011b).
We also include a WF for ﬁsh and seafood, based upon Pahlow et al.
(2015), which is quite new in WF  literature. We use the terminology
WF in this study as being the WF  of consumption (WFcons). Impor-
tant is the distinction with the WF  of production (WFprod). The
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Table  3
Food intake differences between national values and city. Data sources: for Sweden national nutrition survey 2010–2011 (Amcoff et al., 2012); for Denmark Dietary Survey
conducted by the Danish Food Administration (Groth and Fagt, 2003); for Norway national nutrition survey 2010-2011 Norkost3 (Totland et al., 2012); for Finland national
nutrition survey FINDIET 2007 (Paturi et al., 2008); for Iceland (Gudjonsdottir et al., 2015). For all countries statistical signiﬁcance of differences p ≤ 0.05.
Sweden Denmark:
Copenhagen
Norway:
Oslo
Finland:
Helsinki
Iceland: Reykjavik
Potatoes Stockholm W −21%; M −18%
Malmö  W −4%; M −14%
Helsingborg, Eslöv, Kristianstad W
+10%; M +3%
W −22%; M −27% W −24%; M −20% No difference W −16%: M −21%
Vegetables fresh Stockholm W +14%; M +15%
Malmö  W −1%; M +4%
Helsingborg, Eslöv, Kristianstad W
+1%; M −4%
No difference W +8%; M +8% M +27% M +16%
Fruit  fresh No difference No difference No difference No difference M +12%
Milk  products
without cheese
Stockholm M −16%
Malmö  M −12%
Helsingborg, Eslöv, Kristianstad M +5%
No difference M −13% No difference M −13%
cheese  No data No difference W +10% No difference No difference
Meat  Stockholm M −3%
Malmö  M −7%
Helsingborg, Eslöv, Kristianstad M −2%
W −19% No difference No data W −13%: M −12%
Offal  products Stockholm M −3%
Malmö  M −7%
Helsingborg, Eslöv, Kristianstad M −2%
W −19% No difference No data W −19%: M −13%
Animal  fats Stockholm M −3%
Malmö  M −7%
Helsingborg, Eslöv, Kristianstad M −2%
Butter M −20%;
margarine M −28%
Cream W −19%;
butter M −10%
Butter M −46% butter W −6%: M
−21%;
margarine M +15%
Vegetable oils No data M +59% No difference No data M +46%
Coffee  No data No data W −15%; M −13% W −14%; M −20% W −15%: M −16%
Tea  No data No data W +24% W +59% No data
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FBeer,  wine and
spirits
Stockholm W +30%
Malmö  W +3%
Helsingborg, Eslöv, Kristianstad W −5%
Wine M +7
Fcons equals the WFprod + virtual water imports (VWi) but minus
irtual water exports (VWe). In this study, the WFcons related to
ood consumption of a Nordic city is deﬁned as the water resources
green and blue) required to produce the food consumed in this
ity.
.2. Food intake in cities
National FAO FBS values are the basis to compute food intake
mounts in cities. National FAO FBS values are data on food sup-
ly, i.e. food reaching the consumer in private households, as well
s that in the non-household sector (e.g. catering establishments,
chools, hospitals). The data are given on an “as purchased” basis,
.e. as the food leaves the retail shop or enters the household by
ther means. Quantities are provided on the basis of “primary
quivalents”. E.g., instead of listing ﬂour of wheat, bread or pasta
eparately in the FBS, they are quantiﬁed as wheat equivalent. Food
upply data in FBS are the result of domestic supply quantities
inus other uses (feed, seed, processing and other uses but food
or human consumption).
In order to compute national food intake amounts (food quan-
ities people actually eat) based upon FAOSTAT FBS food supply
mounts, two correction factors are necessary. The ﬁrst one (corr1)
omputes food consumption (retail product) amounts from food
upply amounts. The second one (corr2) accounts for consumer
ood waste (both at home and at the food service/catering level)
nd computes food intake amounts from food consumption (retail
roduct) amounts. This methodology is explained in detail in
anham et al. (2015) and Vanham et al. (2013a, 2013b). For corr1
e use the same values as displayed in Vanham et al. (2015). For
orr2 we use values based upon Vanham et al. (2015), shown in
able 2.
To compute food intake values for cities based upon national
AO FBS amounts, we used national nutrition surveys. These are:Wine M +70% No data Wine W +25%: M
+71%
• for Sweden: the national nutrition survey 2010–2011 (Amcoff
et al., 2012)
• for Denmark: the dietary survey conducted by the Danish Food
Administration (Groth and Fagt, 2003)
• for Norway: the national nutrition survey 2010–2011 Norkost3
(Totland et al., 2012)
• for Finland: the national nutrition survey FINDIET 2007 (Paturi
et al., 2008)
• for Iceland: the publication (Gudjonsdottir et al., 2015).
All these surveys provide food product group intake amounts,
with separate values according to regions within the country.
The cities within our study were identiﬁed as separate regions
within these surveys. In the Swedish nutrition survey e.g. food
intake values are presented according to H-region (Table 1). Eslöv,
Helsingborg and Kristianstad belong to the same H-region (H3). Dif-
ferences in food intake between our cities are shown in Table 3. As
such, based on population statistics (age and sex) within cities, we
were able to calculate new food intake values for each city based
upon FAO FBS amounts. These values, broken down per product
group, are listed in Table 4.
2.3. Diets
Apart from the reference situation (1996–2005), we analyse 3
diet scenarios, based on the Nordic Nutrition Recommendations
(NNR). The NNR constitute the scientiﬁc basis for the planning
of diets for population groups and for the development of food-
based dietary guidelines (FBDG) in the Nordic countries. The fourth
edition dates from 2004 (Nordic Council of Ministers, 2004). The
latest (ﬁfth) edition dates from 2012 (Nordic Council of Ministers,
2012). As opposed to the fourth edition, this 5th edition puts the
whole diet in focus. Cultural and culinary traditions differ in Nordic
countries, in terms of meal patterns, food choices, and traditional
dishes. Therefore each Nordic country has developed and formu-
122 D. Vanham et al. / Ecological Indi
Ta
b
le
 
4
Fo
od
 
in
ta
ke
 
am
ou
n
ts
 
(k
g/
ca
p
/y
r)
 
fo
r 
th
e 
d
if
fe
re
n
t 
p
ro
d
u
ct
 
gr
ou
p
s,
 
re
fe
re
n
ce
 
p
er
io
d
 
(1
99
6-
20
05
).
 
N
A
T 
= 
n
at
io
n
al
; 
ST
O
 
= 
St
oc
kh
ol
m
; 
M
A
L 
= 
M
al
m
ö;
 
3 
SW
E 
= 
3 
re
m
ai
n
in
g 
Sw
ed
is
h
 
ci
ti
es
; 
C
O
P 
= 
C
op
en
h
ag
en
; 
H
EL
 
= 
H
el
si
n
ki
;
R
EY
K
 
= 
R
ey
kj
av
ik
.
Sw
ed
en
 
D
en
m
ar
k 
Fi
n
la
n
d
 
N
or
w
ay
 
Ic
el
an
d
N
A
T 
ST
O
 
M
A
L 
3 
SW
E 
N
A
T 
C
O
P 
N
A
T 
H
EL
 
N
A
T 
O
SL
O
 
N
A
T 
R
EY
K
C
er
ea
ls
 
66
.9
 
66
.9
 
66
.9
 
66
.9
 
79
.4
 
79
.4
 
70
.0
 
70
.0
 
82
.2
 
82
.2
 
50
.9
 
50
.9
Po
ta
to
es
 
45
.6
 
37
.0
 
40
.7
 
48
.0
 
63
.1
 
47
.6
 
57
.0
 
57
.0
 
58
.5
 
45
.7
 
46
.9
 
37
.8
Su
ga
r 
40
.7
 
40
.7
 
40
.7
 
40
.7
 
49
.1
 
49
.1
 
33
.5
 
33
.5
 
41
.3
 
41
.3
 
50
.1
 
50
.1
C
ro
p
 
oi
ls
 
14
.7
 
14
.7
 
14
.7
 
14
.7
 
6.
9 
8.
7 
9.
9 
9.
9 
14
.6
 
14
.6
 
3.
7 
4.
4
V
eg
et
ab
le
s  
62
.2
 
71
.1
 
63
.1
 
61
.3
 
73
.6
 
73
.6
 
58
.5
 
65
.0
 
54
.3
 
58
.9
 
42
.8
 
46
.0
Fr
u
it
 
85
.2
 
85
.2
 
85
.2
 
85
.2
 
93
.1
 
93
.1
 
70
.0
 
70
.0
 
95
.7
 
95
.7
 
80
.2
 
84
.2
Pu
ls
es
,  n
u
ts
 
an
d
 
oi
lc
ro
p
s 
6.
3  
6.
3 
6.
3 
6.
3 
6.
5 
6.
5 
3.
7 
3.
7 
5.
6 
5.
6 
3.
8 
3.
8
M
ea
t 
41
.3
 
40
.5
 
39
.5
 
40
.8
 
62
.4
 
56
.8
 
39
.0
 
39
.0
 
34
.9
 
34
.9
 
40
.1
(2
)
35
.1
(2
)
of
 
w
h
ic
h
 
be
ef
 
11
.5
 
11
.3
 
11
.0
 
11
.4
 
13
.3
 
12
.1
 
10
.2
 
10
.2
 
11
.3
 
11
.3
 
6.
8 
6.
0
of
 
w
h
ic
h
 
p
or
k 
21
.4
 
21
.0
 
20
.5
 
21
.1
 
37
.4
 
34
.1
 
19
.6
 
19
.6
 
13
.8
 
13
.8
 
10
.1
 
8.
9
of
 
w
h
ic
h
 
p
ou
lt
ry
 
6.
6 
6.
5 
6.
3 
6.
5 
10
.6
 
9.
6 
8.
5 
8.
5 
5.
7 
5.
7 
8.
0 
7.
0
of
 
w
h
ic
h
 
ot
h
er
 
m
ea
t 
1.
8 
1.
8 
1.
7 
1.
8 
1.
1 
1.
0 
0.
7 
0.
7 
4.
1 
4.
1 
15
.1
(2
)
13
.2
(2
)
O
ff
al
s 
ed
ib
le
 
1.
1 
1.
1 
1.
1 
1.
1 
1.
2 
1.
1 
1.
5 
1.
5 
1.
9 
1.
9 
1.
9 
5.
0
A
n
im
al
 
fa
ts
 
16
.5
 
16
.2
 
15
.8
 
16
.3
 
24
.3
 
22
.8
 
11
.7
 
10
.3
 
15
.5
 
14
.7
 
12
.2
 
12
.5
Fi
sh
 
an
d
 
se
af
oo
d
 
13
.8
 
13
.8
 
13
.8
 
13
.8
 
8.
4 
8.
4 
12
.1
 
12
.1
 
18
.8
 
18
.8
 
33
.9
 
33
.9
M
il
k  
an
d
 
m
il
k 
p
ro
d
u
ct
s(
1)
32
3.
5 
29
4.
3 
30
2.
2 
33
2.
8 
20
8.
6 
20
8.
6 
31
5.
0 
31
5.
0 
24
0.
8 
23
8.
5 
22
3.
8 
20
7.
3
Eg
gs
 
10
.5
 
10
.5
 
10
.5
 
10
.5
 
15
.1
 
15
.1
 
8.
4 
8.
4 
9.
4 
9.
4 
6.
9 
6.
9
St
im
u
la
n
ts
 
11
.1
 
11
.1
 
11
.1
 
11
.1
 
13
.2
 
13
.2
 
11
.6
 
9.
9 
11
.8
 
10
.7
 
11
.8
 
11
.3
Sp
ic
es
 
0.
5 
0.
5 
0.
5 
0.
5 
0.
7 
0.
7 
0.
3 
0.
3 
0.
4 
0.
4 
0.
0 
0.
0
A
lc
oh
ol
ic
 
B
ev
er
ag
es
 
72
.0
 
78
.5
 
72
.7
 
70
.9
 
12
7.
9 
13
8.
1 
97
.4
 
97
.4
 
66
.2
 
70
.2
 
58
.1
 
62
.1
SU
M
 
81
2.
1 
78
8.
6 
78
5.
0 
82
1.
0 
83
3.
6 
82
2.
9 
79
9.
6 
80
3.
0 
75
1.
9 
74
3.
5 
67
1.
0 
65
1.
5
(1
) 
Ex
p
re
ss
ed
 
in
 
m
il
k 
eq
u
iv
al
en
t 
(i
n
cl
u
d
in
g 
ch
ee
se
).
 
(2
) 
In
 
Ic
el
an
d
 
th
e 
in
ta
ke
 
of
 
ot
h
er
 
m
ea
t 
is
 
h
ig
h
, e
sp
ec
ia
ll
y 
d
u
e 
to
 
a 
h
ig
h
 
in
ta
ke
 
of
 
sh
ee
p
 
m
ea
t 
an
d
 
to
 
a 
le
ss
er
 
ex
te
n
t 
h
or
se
 
m
ea
t 
(s
u
p
p
ly
 
of
 
ab
ou
t 
2 
kg
/c
ap
/y
r 
(B
æ
n
d
as
am
tö
k
Ís
la
n
d
s,
 
20
09
))
. W
e 
ex
cl
u
d
ed
 
w
il
d
 
ga
m
e 
fr
om
 
th
is
 
va
lu
e 
(a
lt
h
ou
gh
 
it
 
is
 
in
cl
u
d
ed
 
in
 
FA
O
ST
A
T 
FB
S 
va
lu
es
),
 
be
ca
u
se
 
u
n
ti
l n
ow
 
n
o 
W
F 
va
lu
es
 
w
er
e 
ca
lc
u
la
te
d
 
fo
r 
ga
m
e 
m
ea
t 
in
 
th
e 
li
te
ra
tu
re
. W
e 
th
er
eb
y 
ex
cl
u
d
e 
a 
m
ea
t 
su
p
p
ly
 
of
ab
ou
t 
8 
kg
/c
ap
/y
r.cators 74 (2017) 119–129
lated national FBDGs. The concept of FBDGs was  introduced by the
FAO. FBDGs are deﬁned as advice expressed at the food level that
represents a ‘translation’ of energy and nutrient intake recommen-
dations into foods and is aimed at the general population or speciﬁc
population groups.
For each food product group, national FBDGs are listed in Table 5.
The chosen amount per product group (as a synthesis between
national FBDG differences) for the scenarios is also presented in
this table and applies to every city of this study. Based on city spe-
ciﬁc population statistics, we computed recommended energy and
protein intakes as listed in Table 6. The three diet scenarios are:
• The healthy diet which contains meat (scenario HEALTHY-MEAT).
• The healthy pesco-vegetarian diet (scenario HEALTHY-PESCO-
VEG): identical as HEALTHY-MEAT, but all meat and offals are
substituted with products from the product group ﬁsh, cereals
and pulses, so that target energy (Table 6) and protein amounts
are ideally met. Animal fats are not substituted. All these substitu-
tions results in the same total kcal and protein values as scenario
HEALTHY-MEAT.
• The healthy vegetarian diet (scenario HEALTHY-VEG): identical as
HEALTHY-PESCO-VEG, but all ﬁsh and animal fats are substituted
with products from the product group pulses and cereals (with
the same kcal and protein values).
3. Results and discussion
3.1. The reference situation
Urban food intake differs for several product groups from aver-
age national food intake, especially in large cities, as shown in
Tables 3 and 4. Following observations are made in large Nordic
cities (as compared to outside city borders):
• People eat generally less potatoes. In the countryside, people eat
more potatoes. This conﬁrms the status of the potato as a tradi-
tional food, as also indicated in the report of the Danish nutrition
survey (Groth and Fagt, 2003).
• People eat generally more vegetables.
• People eat/drink generally less milk and milk products (excluding
cheese).
• People eat generally less meat (and offal products).
• People eat generally less animal fats. On the other hand, they eat
more vegetable oils. The Danish nutrition survey (Groth and Fagt,
2003) already described that people eat less fat when progressing
from the countryside to cities, whereas the trend is in the opposite
direction for vegetable oil. These results substantiate butter as
traditional food and vegetable oil as more modern.
• People drink generally less coffee but more tea. They also con-
sume more wine. This conﬁrms the status of wine as a new and
non-traditional food, whereas the consumption of beer and spir-
its – traditional alcohol products – are more spread nationally.
These differences lead to consistently – for the six large Nordic
cities Stockholm, Malmö, Copenhagen, Helsinki, Oslo and Reykjavik
– slightly smaller food related urban water footprints (−2 to −6%)
than national average values, as displayed in Fig. 1.
3.2. Diet scenarios
The effect of the three diet scenarios on the intake of food prod-
uct groups in kg/cap/yr for all cities is shown in Fig. 2. The ﬁgure
shows – for each of the Nordic cities analysed – that adherence to
a healthy diet (irrespective of it being meat-, ﬁsh- or vegetarian-
based) would require these cities to:
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Table 5
Chosen food product intake values based upon Nordic FBDG.
Literature sources—Nordic FBDG Chosen amounts
Cereals, rice Denmark, Norway, Sweden (Fødevarestyrelsen, 2013; Konde et al., 2015; Nasjonalt råd for ernæring, 2011):
Whole  grain products of pasta, bread, grains and rice instead of processed products. There is not enough
scientiﬁc  evidence to give advice about exactly how much whole grains to optimally consume.
Recommended intake of at least 75 g/d of whole grains per 10 MJ. This means about 70 g/d for women and
about  90 g/d for men.
Older national Nordic FBDG recommended an intake amount for all cereals, e.g. 500 g/d (including potatoes)
in  Denmark (Astrup et al., 2005).
≥ 75 g/d (27.4 kg/yr) of whole grains per 10 MJ. In FAO FBS, it is not
visible whether cereals are whole grains or not. The current intake
of  cereals above this value is kept constant.
Potatoes  Denmark, Sweden, Norway, Finland (Fødevarestyrelsen, 2013; Konde et al., 2015; Nasjonalt råd for ernæring,
2011; VRN, 2014): No speciﬁc recommendations
The current intake of potatoes is kept constant.
Sugar  NNR (Nordic Council of Ministers, 2012): The intake of added sugar should only contribute to at the most 10%
of  the energy intake.
Finland (VRN, 2014): ≤ 50 g/day if you spent 2000 kcal/day (adult) .
≤ 50 g/day (18.3 kg/yr)
Vegetables  and
Fruit
Norway, Sweden, Finland, Iceland (Embætti landlæknis, 2014; Konde et al., 2015; Nasjonalt råd for ernæring,
2011; VRN, 2014): Recommended intake per day is at least 500 g/d (5 portions), distribution of fruit
(including  berries) and vegetables is 50/50. Juices are not included in the 500 g amount. Juice contributes
nutrients, e.g. vitamin C. However, juice gives fewer ﬁbres.
Denmark (Fødevarestyrelsen, 2013): Recommended intake per day is at least 600 g/d (6 portions),
distribution  of fruit (including berries) and vegetables is 50/50
Both fruits and vegetables
≥250 g/d (91.3 kg/yr)
Pulses,  nuts and oilcrops Norway (Nasjonalt råd for ernæring, 2011): Recommended intake of nuts 140 g/week, i.e. 20 g/d
Sweden  and Denmark (Fødevarestyrelsen, 2013; Konde et al., 2015): A couple of tablespoons of nuts and
seeds  a day (about 30 g/d)
Nuts 25 g/d
Other current intakes (pulses and oilcrops) are kept constant.
Meat  NNR (Nordic Council of Ministers, 2012): The consumption of red meat should be limited to an average
intake  of 500 g/week, which is equivalent to 71 g/d or 26 kg/cap/yr. Amounts are for weight of meat as eaten
or  cooked weight (Tetens et al., 2013). This amount corresponds to 600–750 g/week raw meat (Konde et al.,
2015).
This  value is taken in national FBDG of All 5 Nordic countries. Sweden also states that from a health
perspective,  it is good to replace some red meat with poultry, but from an environmental perspective it’s
even  better to replace the meat with plant-based foods. The Swedish and Danish National Food Agency’s
conclusion is that there is no need for a speciﬁc advice regarding a desired consumption of poultry.
Max 500 g/week (26.0 kg/yr) red meat.
Other  current meat intake is kept constant.
Offals  Included in red meat
Fish  and seafood Norway (Nasjonalt råd for ernæring, 2011): Recommended ﬁsh intake of 300 to 450 g/week, which is
equivalent  to 16 to 23 kg/cap/yr. At least 200 g of intake should be oily ﬁsh like salmon, trout, mackerel or
herring.
Iceland  (Embætti landlæknis, 2014): Recommended ﬁsh intake of 300 to 450 g/week, which is equivalent to
16  to 23 kg/cap/yr. At least 150 g of intake should be oily ﬁsh like salmon, trout, mackerel or herring.
Sweden  (Konde et al., 2015): Fish 2-3 times a week (250–375 g/d), of which one a fatty ﬁsh.
Denmark (Fødevarestyrelsen, 2013): Fish 350 g/week, of which about 200 g oily ﬁsh like salmon, trout,
mackerel  or herring.
Fish 350 g/week (18.2 kg/yr), of which about 200 g (10.4 kg/yr) oily
ﬁsh  like salmon, trout, mackerel or herring
Animal  fats and crop oils NNR (Nordic Council of Ministers, 2012): The intake of total fat should only contribute between 25-40% of the
energy  intake.
Denmark, Sweden, Norway (Fødevarestyrelsen, 2013; Konde et al., 2015; Nasjonalt råd for ernæring, 2011):
Select  vegetable oils e.g. canola oil and olive oil, liquid margarine and soft margarine instead of butter, butter
mixtures  and hard margarine.
No speciﬁc recommendations
Milk  and milk products Norway, Sweden (Konde et al., 2015; Nasjonalt råd for ernæring, 2011): Lean, unsweetened dairy products.
Dairy  products are the most important source of calcium.
Sweden (Konde et al., 2015): 2 to 5 dl/d milk, curdled milk and yoghurt per day. Like other foods of animal
origin,  milk products have a relatively large climate impact and should, for environmental reasons, therefore
not  increase compared to today’s consumption.
Denmark (Fødevarestyrelsen, 2013): Lean dairy products. Avoid fat products like cream and butter.
Appropriate are 2.5 to 5 dl/d of milk products. Additionally 25 g/d cheese.
Iceland (Embætti landlæknis, 2014): 2 portions of milk products daily, equivalent to 5 dl/d. One portion can
be  substituted with 25 g/d cheese.
Range 2.5 to 5 dl/d (91.3 to 182.5 kg/cap/yr) of milk products (1 to
2  portions). This includes cheese (which substitutes 1 portion).
Eggs  Sweden (Konde et al., 2015): Due to different reasons, the Swedish National Food Agency does not deem it
necessary  giving any particular advice regarding eggs.
Denmark (Fødevarestyrelsen, 2013): no speciﬁc recommendations
No speciﬁc recommendations
Alcoholic  Beverages NNR (Nordic Council of Ministers, 2012): Max 20 g/d pure alcohol for men (2 standard drinks) and max 10 g/d
pure  alcohol for women (1 standard drink). This is equivalent to 7.3 kg/yr respectively 3.7 kg/yr.
Max 20 g/d pure alcohol for men and max 10 g/d pure alcohol for
women
Stimulants  No speciﬁc recommendations Keep current value
Spices  No speciﬁc recommendations Keep current value
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Table 6
Reference energy intake values for children, youth and adults, based upon NNR. The values for children and youth were taken from (Helsedirektoratet, 2014), for an average
Physical Activity Level or PAL (PAL for ages: 1-3 years: 1.39; 4-9 years: 1.57; 10-17 years: 1.73). The values for adults are also for the average PAL, which is 1.6. With
1  kcal = 4.184 kJ. The last rows of the table show the calculated energy intake amounts for the 9 cities based upon the listed reference values and population statistics. These
values  are target values for the three scenarios.
City Age Sex Physical activity level (PAL)
2–5 M + F 5.3 MJ/d or 1267 kcal
6–9 M + F 6.9 MJ/d or 1649 kcal
10–13 M 9.3 MJ/d or 2223 kcal
F  8.6 MJ/d or 2055 kcal
14–17 M 11.8 MJ/d or 2820 kcal
F  9.8 MJ/d or 2342 kcal
18–30 M 11,7 MJ/d or 2796 kcal
F  9.4 MJ/d or 2247 kcal
31–60 M 11.0 MJ/d or 2629 kcal
F  8.8 MJ/d or 2103 kcal
61–74 M 9.7 MJ/d or 2318 kcal
F  8.1 MJ/d or 1936 kcal
>74 M Assumption identical to age 61–74
F  Assumption identical to age 61–74
Stockholm Whole population M + F Calculated 2200 kcal/d
Malmö  Whole population M + F Calculated 2192 kcal/d
Eslöv  Whole population M + F Calculated 2190 kcal/d
Helsingborg Whole population M + F Calculated 2194 kcal/d
Kristianstad Whole population M + F Calculated 2191 kcal/d
Copenhagen Whole population M + F Calculated 2229 kcal/d
Helsinki Whole population M + F Calculated 2218 kcal/d
Oslo  Whole population M + F Calculated 2212 kcal/d
M
•
•
•
•
•
•
w
t
r
r
b
V
P
h
T
(
t
t
s
V
b
ﬁ
ﬁ
i
2Reykjavik Whole population 
Decrease the intake of red meat (although people do eat less meat
as compared to outside city borders)
Decrease the intake of sugar
Decrease the intake of alcoholic beverages
Increase the intake of vegetables and fruit (although people do
eat more vegetables as compared to outside city borders)
Increase the intake of products from the group pulses, nuts and
oilcrops
Reduce – as both the energy and protein intakes in the cities are
too high in the current situation – also the intake of milk and milk
products to about only one portion per day (which is the lower
limit of recommended intake as listed in Table 5). As FBDG leave
the choice between one or two portions, reducing to one portion
is an effective way to reduce energy and protein intake because
milk is very energy and protein intensive.
All three diet scenarios lead for each city to a lower food related
ater footprint, as displayed in Fig. 3. The lowest reductions (−9%
o −24%) are observed for the HEALTHY-MEAT scenario, the largest
eductions (−36% to −44%) for the HEALTHY-VEG scenario with the
eductions (−29% to −37%) for the HEALTHY-PESCO-VEG scenario
etween both. From a water resource perspective the HEALTHY-
EG scenario is therefore the most beneﬁcial.
The largest reductions (HEALTHY-MEAT −24%, HEALTHY-
ESCO-VEG −37%, HEALTHY-VEG −44%) are observed for Copen-
agen, mainly due to the fact that meat intake (56.8 kg/cap/yr,
able 4) is the highest of all assessed cities. The intake of red meat
which requires more water to produce than white meat) is also
he highest in Copenhagen, i.e 47.2 kg/cap/yr (Table 4). This exceeds
he maximum intake of 26.0 kg/cap/yr (Table 5) substantially. The
mallest reduction for HEALTHY-MEAT (-9%) and HEALTHY-PESCO-
EG (−29%) are observed for Reykjavik, a city which is characterised
y the lowest meat intake of all assessed cities but the highest
sh intake. Reykjavik citizens obtain more animal protein from
sh and seafood than from meat. The WFprod of ﬁsh and seafood
s much lower than the one for meat (Mekonnen and Hoekstra,
012; Pahlow et al., 2015). + F Calculated 2195 kcal/d
3.3. Implications/relevance
In the framework of global planetary boundaries with limited
(water) resources availability (Rockstrom et al., 2009) and steadily
increasing demands due to a growing and urbanising global popu-
lation (UN, 2014), sustainable solutions for water, food and energy
security need to address both the production and the consumption
side. On the consumption side, citizens need to look at their direct
water use, their energy consumption, their (food) waste (Parﬁtt
et al., 2010; Vanham et al., 2015, 2016a) and their diets (Thaler
et al., 2013; Vanham et al., 2013b). This study addresses the con-
sumption side of urban dwellers in selected Nordic cities by means
of quantifying the water resources required to produce the food
they consume. It shows that they can save a lot of water resources
by shifting to healthier diets. Almost all of the food consumed
is imported to cities, either from national agricultural production
and ﬁsheries or from abroad. Already today agriculture contributes
substantially to water scarcity worldwide (Hoekstra et al., 2012;
Mekonnen and Hoekstra, 2016; Moore et al., 2013). Due to strong
competition for scarce water resources between different sectors,
diet shifts of Nordic urban dwellers can contribute to the alleviation
of global water scarcity.
Our study does not analyse blue or green water scarcity related
to the food Nordic cities consume. As such, we  address the inven-
tory stage (WF  accounting) of a water footprint assessment and
not the following impact assessment stage (Hoekstra et al., 2011;
Vanham and Bidoglio, 2013). Further research should address a
water scarcity assessment of our quantiﬁcations. Such assessments
have e.g. been made for the UK in two studies, i.e. Hoekstra and
Mekonnen (2016) and Hess et al. (2015).
The reduction of consumer food waste also has the potential to
decrease the WF  substantially (Parﬁtt et al., 2010; Vanham et al.,
2015). The inclusion of both diet scenarios and food waste reduc-
tion for Nordic cities is subject to further research. Analyses which
combine the effect of diet and food waste reduction scenarios on
different footprints for a geographical region have already been
conducted in the past, e.g. Bajzelj et al. (2014) or Jalava et al. (2016).
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their inhabitants would shift to a healthier diet. According to theig. 1. The REF WF  related to food consumption (with differentiation of food group
ities  the difference in% with national values is given.
An increase in the intake of particular food products and
ecrease in others can also have an effect on the money spent on
ood by consumers. Cazcarro et al. (2012) already indicated that
n Spain, by shifting to a healthier diet (more cereals and cereal
roducts, vegetables, fruit, and legumes and less meat and meat
roducts) would imply money savings for Spanish consumers. In
ordic countries, only low proportions of household expenditure
owever are spent on food (% spent on food and non-alcoholic bev-
rages in Denmark is 11.3%, in Finland 12.5%, in Sweden 12.1%, in
orway 13.3% and in Iceland 14.8%, with an EU-average of 13.0%
EUROSTAT, 2016)). Nevertheless, Steenhuis et al. (2011) indicated
hat product price is very substantial for lower income consumers.
hese authors found that in the Netherlands, low-income con-
umers are signiﬁcantly more conscious of value and price than
igher-income consumers When a shift to a healthier diet would
esult in money saving, especially lower income consumers would
ave an extra incentive to do so.To inﬂuence consumer diet change, policy makers generally
ave the option for (Brambila-Macias et al., 2011): the ﬁve Nordic countries and the nine Nordic cities assessed in this study. For the
• policies supporting more informed choice (public information
campaigns, labelling and nutritional information on menus, mar-
keting restrictions)
• policies aimed at changing the market environment (regula-
tion of meals offered in schools or work canteens, food and
nutrition-related standards, food reformulation and ﬁscal mea-
sures (taxes and/or subsidies)(Andreyeva et al., 2010; Sacks et al.,
2011; Steenhuis et al., 2011; Thow et al., 2014))
• policy interventions not explicitly targeted at healthy eating but
relevant (e.g. VAT rates, agricultural policy)
With relatively high overweight and obesity rates (adult popu-
lation overweight or obese 47% in Denmark in 2013, 50% in Finland
in 2014, 47% in Sweden in 2014, 46% in Norway in 2012 and 63% in
Iceland in 2012 according to the OECD (2016b)), it is expected that
these countries can save large amounts in healthcare costs whenOECD (2016a), total healthcare expenditure as% of GDP in 2015 was
the following: 10.6% in Denmark, 9.6% in Finland, 11.1% in Sweden,
8.8% in Iceland and 9.9% in Norway.
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Fig. 2. Food intake in the nine Nordic cities for different diets.
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Fig. 3. The WF related to food consumption of the nine Nordic cities for different diets.
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In order to formulate integrated policies, other resources and
mpacts apart from water also need to be assessed, e.g. by means of
ther indicators like land, nitrogen, energy and carbon footprints
Galli et al., 2012; Hoekstra and Wiedmann, 2014).
. Conclusions
In this paper, we analyse the WF  related to food consumption
f 9 Nordic cities, to show the dependency of cities on exter-
al water resources. We  ﬁnd that food consumption behaviour in
ordic cities differs from national food consumption behaviour.
his difference leads to slightly lower WF  amounts for large cities
ompared to national amounts.
From a nutritional perspective, all three diet scenarios are rec-
mmended and beneﬁcial. This is also very much in line with the
th edition of NNR, where personal choice in food intake from par-
icular product groups is left to individuals. The 5th edition of NNR
ives no recommendations whether an individual should eat meat
r not. The Swedish FBDG for example explicitly also take the envi-
onmental impact of food choices into account. They indicate e.g.
hat the environmental impact of white meat is less than the one
f red meat.
From an environmental perspective (for the resource water)
here is however a difference between the three diet scenarios: the
argest reductions in WF are observed for the HEALTHY-VEG sce-
ario. In other words, this analysis shows that Nordic urban citizens
an save a lot of water by shifting to a healthy diet, and that they
an have different impacts according to the healthy diet scenario
hey choose.
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